One of the computational grand challenge problems is the development of methodology capable of sampling conformational equilibria in systems characterized by rough energy landscapes. If met, many important problems, most notably biomolecular structure prediction and the discovery of the polymorphism in organic molecular crystals could be significantly impacted. In this talk, I will discuss several approaches for enhancing sampling and mapping out the free energy landscape of systems described by rough potential energy surfaces. These include mass tensor dynamics, adiabatic dynamics, and dynamical spatial warping. Mass tensor dynamics will be used to create a hierarchy of time scales between solvent, side-chain, and backbone motion in small proteins and will be used to explore the folding of short hairprin peptides. I will show how temperature acceleration techniques combined with mass tensor dynamics can be used to predict multi-dimensional free energy surfaces, and the approach will be show to enhance sampling in a variety of biomolecular systems. A similar approach will also be shown to enhance the sampling of the space of polymorphs of molecular crystals. Finally, I will describe a new approach in which molecular dynamics is combined with a novel variable transformation designed to warp configuration space in such a way that barriers are reduced and attractive basins stretched. The new method rigorously preserves equilibrium properties while leading to very large enhancements in sampling efficiency. The performance of the method is demonstrated on long polymer chains and simple protein models and is shown to significantly outperform replica-exchange Monte Carlo with only one trajectory.
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David Case, Rutgers University

Simulating biomolecules with implicit solvent models
Simulations of biomolecules often use a simplified description of solvation effects, instead of explicitly representing individual solvent molecules. Continuum dielectric models often work well in describing the thermodynamic aspects of aqueous solvation, and approximations to such models that avoid the need to solve the Poisson equation are attractive because of their computational efficiency. I will discuss the generalized Born model, which is simple and fast enough to be used for molecular dynamics simulations of proteins and nucleic acids, illustrating both static energetic analysis and molecular dynamics simulations using the new methods. Other implicit solvent models, based on integral equations, that go beyond continuum dielectric descriptions will also be discussed. Applications include mechanical and electrostatic properties of linear and circular DNA, and binding of monovalent and divalent ions to nucleic acids.
Mark Kobrak, Brooklyn College, CUNY
Molecular Dynamics of Ionic Liquids
Ionic liquids, salts that are molten at room temperature, have been the subject of intensive research in recent years. The dominance of ion-ion interactions in these liquids leads to unique dynamic phenomena. We discuss several aspects of these dynamics, characterizing their collective behavior and exploring how the distribution of charge within an ion affects the dynamics of the liquid.
Victor Batista, Yale University
Diode Linkers for the Covalent Attachment of Mn Catalysts to TiO 2 Surfaces
We characterize the electronic rectification properties of molecular linkers that covalently bind Mn catalysts to TiO 2 surfaces. We focus on Mn-complexes with phenylterpyridine ligands attached to 3-phenyl-acetylacetonate anchors via amide bonds. We find that a suitable choice of the amide linkage yields directionality of interfacial electron transfer, essential to suppress recombination. Our findings are supported by calculations of current-voltage (I-V) characteristics at metallic atomic junctions, based on first-principles methods that combine non-equilibrium Green's function techniques with density functional theory. Our computational results are consistent with EPR measurements, confirming an asymmetry of electron transfer rates for linkers with significant rectification. The reported studies are particularly relevant for the development of photovoltaic, or photocatalytic, devices based on functionalized TiO 2 thin-films where the overall performance is affected by recombination processes competing with interfacial electron injection.
Alexei Tkachenko, Brookhaven National Laboratory Towards Programmable Self-assembly By decorating colloids and nanoparticles with various biomolecules, one can introduce highly selective key-lock interactions between them. This leads to a new class of systems and problems in soft condensed matter physics. In my talk, I will review a number of theoretical possibilities and recent experimental achievements in this new field. In particular, I will discuss DNA-mediated self-assembly of nanostructures and nanoclusters. The specificity and tunability of the interactions result in a remarkable morphological diversity of in such systems. This also opens a possibility to solve inverse problem in self-assembly: how to build an arbitrary desired structure with the bottom-up approach? I will present a theoretical and computational analysis of the hierarchical strategy in attacking this problem. It involves self-assembly of particular building blocks ("octopus particles"), that in turn would assemble into the target structure. On a conceptual level, our approach combines elements of three different brands of programmable self assembly: DNA nanotechnology, nanoparticle-DNA assemblies and patchy colloids. Our crucial result is that not only it is possible to design a system that has a given nanostructure as a ground state, but one can also program and optimize the kinetic pathway for its self-assembly.
Harel Weinstein, Weill Cornell Medical College, Cornell University
Molecular Mechanisms of Signal Transduction at the Cell Membrane
Combining computational and experimental biophysics we study the complex molecular machinery that enables the cell to function and communicate with its external environment. To model and simulate the function of macromolecular assemblies working in mixed aqueous/lipid environments we integrate atomistic representations with mesoscale formalisms that consider the dynamic interplay of protein function and membrane composition and structure, in determining the many interactions of signaling components. The application and results of these approaches will be illustrated for the function of two specific families of membrane proteins we study: (1)-the rhodopsin-like G protein coupled receptors that transduce signals through allosterically modulated interactions with specific proteins in the membrane neighborhood (e.g., G proteins, PDZ and BAR domains) and are targeted by a large fraction of the current pharmacopeia; and (2)-the neurotransmitter Na+ symporters (NSS -which includes the dopamine, norepinephrine and serotonin transporters) that are essential for neuronal activity and are targeted by antidepressant medications as well as by psychostimulants, e.g.,cocaine and amphetamine. Our results show how local changes produced by allosteric mechanisms responsible for the function of these proteins are propagated into the membrane environment where they trigger subsequent steps in the cells signaling cascade, often utilizing the same types of protein domains (i.e., PDZ, BAR). Computational methods include various forms of quantitative targeted molecular dynamics, and free energy calculations from mesoscale representations of membrane dynamics and of lipid reorganization driven by interactions with proteins.
Richard Friesner, Columbia University
New methods for biomolecular modeling and computationally driven drug discovery
We have developed a novel continuum solvation model, force field, and both continuum and explicit solvent simulations algorithms enabling modeling of protein structure and protein-ligand complexes, and prediction of protein-ligand binding affinities. These methods have been applied to large data sets from the literature which demonstrate substantial improvements in performance as compared to existing alternatives. Over the past several years, these methods have been deployed in a number of real world drug discovery projects and produced significant acceleration in the creation of lead and development candidates for challenging targets of great pharmaceutical interest. These results suggest that computationally driven drug discovery has reached the point where it has the potential to have a major impact in the pharmaceutical and biotechnology industries.
Contributing T alks
Tom Young, Lehman College, CUNY
The role of water in protein ligand binding Changes in hydration are central to the phenomenon of biomolecular recognition, but it has been difficult to properly frame and answer questions about their precise thermodynamic role. We address this problem by introducing Grid Inhomogeneous Solvation Theory (GIST), which discretizes the equations of Inhomogeneous Solvation Theory on a 3D grid in a volume of interest. Here, the solvent volume is divided into small grid boxes and localized thermodynamic entropies, energies and free energies are defined for each grid box. Thermodynamic solvation quantities are defined in such a manner that summing the quantities over all the grid boxes yields the desired total quantity for the system. This approach smoothly accounts for the thermodynamics of not only highly occupied water sites but also partly occupied and water depleted regions of the solvent, without the need for ad hoc terms drawn from other theories. The GIST method has the further advantage of allowing a rigorous end-states analysis that, for example in the problem of molecular recognition, can account for not only the thermodynamics of displacing water from the surface but also for the thermodynamics of solvent reorganization around the bound complex. As a preliminary application, we present GIST calculations at the 1-body level for the host cucurbit [7] uril, a low molecular weight receptor molecule which represents a tractable model for biomolecular recognition. One of the most striking results is the observation of a toroidal region of water density, at the center of the hosts nonpolar cavity, which is significantly disfavored entropically, and hence may contribute to the ability of this small receptor to bind guest molecules with unusually high affinities.
Heather Jaeger, University of Rochester Decoherence induced surface hopping A simple surface hopping method for non-adiabatic molecular dynamics is proposed. The method derives from a stochastic modeling of the time-dependent Schrödinger equation for open systems and provides a description of branching in the classical (nuclear) degrees of freedom stemming from the loss of coherence in the quantum (electronic) degrees of freedom due to interaction with the nuclear variables. The electronic evolution takes the form of a Markov process in the Hilbert space, in which the loss of coherence manifests as a localization toward the adiabatic basis states. The nuclear trajectory follows adiabatic potential energy surfaces and hops between the surfaces following the electronic evolution. The method is implemented within real-time time-dependent density functional theory formulated in the Kohn-Sham representation and is applied to carbon nanotubes and graphene nanoribbons. The calculated time-scales of non-radiative quenching of luminescence in these systems agree with the experimental data and the earlier calculations performed using decoherence-corrected fewest-switches surface hopping.
The transfer of various nano-scale fullerenes into lipid bilayers has been studied using all-atom (AA) and coarse-grained (CG) molecular dynamics (MD) simulations. The free energy change, when C 60 , C 180 , and C 540 fullerenes are transferred from water to the interior of a lipid [dioleoylphosphatidylcholine (DOPC)] bilayer, has been calculated. Upon entering the lipid bilayer, the largest (2.4 nm diameter) fullerene causes local distortions in the bilayer surface, which were previously observed in carbon nanotube simulations. These local distortions, however, do not lead to any free energy barriers to bilayer entry. The free energy profiles, confirm spontaneous absorption of all three fullerene. Qualitative agreement was observed when comparing fullerene partitioning in water/bilayer systems to waterhexane systems. In contrast to these nonspecific single fullerene properties, extensive CG-MD simulations of fullerene rich lipid bilayers reveal substantial impact of fullerene-size on the bilayer stability. While previous CG-MD simulations indicated that bilayer bound C 60 aggregates have little effect on the bilayer structure, the present MD simulations indicate that C 540 aggregation has drastic effects. Specifically, the observed destabilization likely has implications for understanding the cytotoxic mechanisms of nano-carbon particles upon uptake by biological cells.
POST ERS We present ONIOM (B3LYP/d95**:AM1) calculations for the formation of beta-sheets for the capped polyalanines acetyl(Ala)28NH2 peptide and acetyl(Ala)40NH2. We studied structures containing different number of turns (up to 6). The results are presented considering the energetic and geometrical features of these formations.
Sandipan Banerjee, University of Connecticut
A QM/MM Approach for the Study of Monolayer Protected Gold Clusters
We report the development and implementation of hybrid methods that combine Quantum Mechanics (QM) with Molecular Mechanics (MM) to theoretically characterize thiolated gold clusters. We use, as training systems, structures such as Au 25 (SCH 2 -R) 18 and Au 38 (SCH 2 -R) 24 , which can be readily compared with recent crystallographic data. We envision that such an approach will lead to an accurate description of key structural and electronic signatures at a fraction of the cost of a full quantum chemical treatment. As an example, we demonstrate that calculations of the 1 H and 13 C NMR shielding constants with our proposed QM/MM model maintain the qualitative features of a full DFT calculation, with an order-of-magnitude increase in computational efficiency.
Christina Bergonzo, Stony Brook University
Energetic Preference of Base Eversion Pathways in a DNA Glycosylase
The conversion of guanine to 8-oxo-7,8,-dihydroguanine (8-oxoG) by reactive oxygen species is the most common form of oxidative damage to DNA, promoting a transversion mutation which has been linked to cancer and age related diseases. In prokaryotes this is repaired by Formamidopyrimidine-DNA glycosylase (Fpg), which is able to selectively recognize and excise this mutagenic damage by everting the 8-oxoG base into the enzyme's active site and cleaving it. Crystal structures have been obtained for intrahelical and everted DNA in complex with Fpg, but there is little information showing how the dynamic process of base recognition and eversion occurs. Partial nudged elastic band (PNEB) was used to generate a low energy path between crystal structures. Structures along this path were used to seed umbrella sampling simulations from which the free energy was calculated. Our results show that the major groove path is preferred over the minor groove path for damaged 8-oxoG and has a low free energy barrier ( 6-7 kcal/mol) to base flipping. This work established a successful protocol, enabling ongoing studies of the mechanisms by which Fpg readily opens DNA, and the source of DNA damage recognition.
Ron Birke and Iya Likhtina, City College, CUNY
Electronic Spectroscopy and Computational Studies of Glutathionylco(III)balamin
We have studied the vitamin B12 complex , glutathionylcobalamin (GSCbl) , by optical spectroscopy both with the UV-VIS and electronic CD methods and with DFT electronic structure methods for truncated geometric models. We examined the geometric structure of the models by comparison of DFT calculations with recent high resolution experimental X-ray structure data , and we examined the TD-DFT excitation simulations by comparison of the models with measured optical spectra of GSCbl. The calculations employed the B3LYP hybrid functional and the non-hybrid BP86 functional in both in vacuum and water (CPCM ). Extended charge decomposition analysis , ECDA, and Mayer bond order between the GS-fragment and the Co ion fragment show the charge-transfer nature of the complex. Energy decomposition analysis, EDA, and NBO analysis were used to study the bonding. Finally, absolute optical spectral simulations from TD-DFT excitation calculations were compared with the experimental UV-VIS extinction spectrum and the electronic CD differential extinction spectrum. The best fit was found at the BP86/6-311G(d,p) level with a water cpcm solvent model. Also the excited state transitions were investigated using Martin's natural transition orbitals.
Edyta Greer and Christopher Cosgriff, Baruch College, CUNY
The Effects of Metal Fragments on the Diels-Alder Reaction via the Isolobal AnalogyComputational Studies
The Diels-Alder reaction is a fundamental cycloaddition reaction used in organic synthesis. The reaction allows for the creation of a cyclohexene ring from a conjugated diene and an alkene (dienophile). We set out to explore this reaction using the isolobal analogy. The isolobal analogy involves replacing carbons in the reacting structures with metals at various points to yield metal complexes, which are derived to have similar electronic structure to the carbons they replace. A metal complex is an isolobal analog of an organic fragment, "if the number, symmetry properties, approximate energy and shape of the frontier orbitals and the number of electrons in them are similar not identical, but similar." This methodology creates a bridge between organic and inorganic chemistry and allows for the study of hypothetical and potentially producible compounds, and an elucidation of the effect of metallic substitution in organic molecules and the reactions they undergo. Our goal in applying the isolobal analogy to Diels-Alder reaction is to derive a clear relationship between the presence of a metal fragment and its effect on the mechanism and activation barriers of the reaction. Our studies are carried out with the use of quantum mechanical calculations as implemented by the Gaussian 09 software suite. The results will demonstrate the effect of metal fragments on the geometry of butadiene and ethylene, and on the Diels-Alder cycloaddition reaction mechanism. It is shown that two distinct pathways exist, concerted and stepwise, and it remains unknown if the metal substitution will have any effect on which pathway is taken. It is our hope that the introduction of metal fragments into the most basic Diels-Alder reaction will lead to a generalizable change in reaction energetics that will assist in future organo-metallic synthetic processes and design of a new class of organo-metallic species.
Irina Khushenazarova Baruch College, CUNY
The Theoretical Study of the effects of the Nitroso Group on the Bergman Cyclization and the C1-C5 Cyclization of Enediynes In this computational study performed at the uB3LYP/6-31G(d,p) level of theory,4 a nitroso group was placed on a benzene as well as a tropylium ion ring that replaced the double bond of the enediyne moiety to yield many enediynes. The nitroso group was placed on every possible location in which its effects could be monitored. The Bergman cyclization and the C1-C5 cyclization of the enediynes were studied to see the difference in results and to note which of the two cyclizations had a more productive and positive outcome.
Praveen Kumar, Queens College, CUNY
Single complex emission line shapes of B850 band of light-harvesting complex II Based on the theory of 2nd order time-nonlocal quantum master equation (QME) [J. Chem. Phys., 118, 9312 (2003) ], the single complex emission line shape of the B850 band in the light harvesting complex 2 of purple bacteria is calculated. The main quantum mechanical characteristics determining line shapes are studied including static and quasistatic disorders within the exciton Hamiltonian coupled to a harmonic oscillator bath. We examine dependencies of the line shapes on the temperature, on the polarization of the radiation, and on the type of exciton-bath coupling. Theoretically obtained emission line shape expression is also compared with the absorption line shape expression in the frequency domain. It is shown that an extra inhomogeneous term coming from the entanglement of the system and bath degrees of freedom can make significant contributions.
Haoquan Li, Stony Brook University
DNA Damage Recognition by Human 8-Oxoguanine Glycosylase
8-Oxoguanine (8OG) is the most prevalent and mutagenic oxidative DNA damage in the genome. If left unrepaired, 8OG would lead to G-C to T-A transversion mutation, threatening the DNA integrity. Human 8-oxoguanine glycosylase (hOGG1) can recognize and extrude the 8OG from the duplex DNA to its active pocket, where the 8OG is cleaved. In this work, we explore the mechanism by which hOGG1 discriminates between 8OG and guanine along the base eversion pathway using molecular dynamics simulations.
Svetlana Malinovskaya, Stevens Institute of Technology
Ultrafast and ultracold control of vibrational dynamics
Advances in laser technology stimulate the study and control of molecular dynamics. Applications are diverse and include the development of novel imaging techniques based on coherent anti-Stokes Raman scattering (CARS), aiming to reveal molecular specific structures. We will discuss novel methods in CARS microscopy making use of femtosecond laser pulses in combination with quantum control methods. Another application is implementation of an optical frequency comb for internal state cooling from Feshbach molecules. An optical frequency comb is recognized as a new and unique tool for highresolution spectroscopic analysis as well as for controlling ultrafast phenomena in atomic and molecular physics. We will describe a theory of interaction of modulated optical frequency combs with ultracold gases aiming at creation of deeply bound ultracold polar molecules.
Betul Pamuk, Stony Brook University
Anomalous Lattice Parameter Isotope-shift in Hexagonal Ice
The lattice parameters of light H2O and heavy D2O Ih ice differ by 0.09%. The larger lattice constant is that of the heavier isotope, contrary to normal expectations. This anomalous isotope shift of the lattice constant is due to the zero point energy of phonons in ice. Ab initio density functional theory is used to calculate the free energy within the quasiharmonic approximation, including this zero point contribution of phonons. The origin of the anomalous effect can be linked to the anti-correlation of the O-H stretch frequency and the O-O distance in H-bonded materials. The frozen lattice constant is found to be smaller than the quantum lattice constant, which is the experimentally measurable quantity. In particular, this behavior is calculated to be persistent at temperatures up to 100 K. We analyze differences between lattice constants of H2O, D2O and H218O and make connections to experiment. These results indicate that not only H-bond effects but also van der Waals interactions make important contributions to reproduce the correct lattice constant in ice.
Daniel Sandberg, University of Connecticut
Computational methods for the determination of electrostatic fields within proteins via the Stark Effect.
Recent developments in biophysical chemistry have provided a means of experimentally measuring the electrostatic fields within a protein with high accuracy by using Stark Effect spectroscopy. These experimental data serve as a suitable test set to evaluate different protocols and levels of theory for analyzing the electrostatics in biomolecules. A comprehensive analysis of 10 protein mutants by a combination of MD, QM/MM, and Moving-Domain QM/MM (modQ3M), have been performed to determine the necessary level of theory to achieve suitable agreement between experimental and computational results.
12. Nan Shao, Brookhaven National Laboratory (CFN) Probing the Structural Evolution and CO Oxidation Catalytic Activity of Medium-Sized Gold Clusters CO oxidation is of special relevance for the production of fuel cell-grade hydrogen (or ultra-high purity hydrogen). Discovery of the unique catalytic properties of gold nanoclusters, in particular for CO oxidation at low temperatures, has led to a surge of research activity focused on gold clusters during the past 10 years. Despite extensive research efforts, the exact mechanisms of size-dependent catalytic capabilities of gold nanoclusters are still not completely understood at the molecular level -this is due, in part, to a lack of precise atomic structure information of gold clusters. This research represents a joint theoretical and experimental effort to achieve fundamental understanding of structural evolution and electronic structures for gold clusters. The structural evolution of negatively charged gold clusters (Au n ) in the medium size range for n = 27-35 has been investigated using first-principles DFT based theoretical calculations combined with computed anion photoelectron spectra including the spin-orbit affect and the experimental state-of-the-art high-resolution photoelectron spectroscopy (PES). Partial results of catalytic activities of subnanometer gold clusters in the size range of Au 16 − Au 35 , whose atomic structures in the anionic state have been resolved from previous experiments, are also presented by comprehensive ab initio studies.
Lei Yang, Queens College, CUNY
Theory of coherent and inelastic resonance energy transfer
The theory of coherent resonance energy transfer [Jang et al., J. Chem. Phys. 131, 164101 (2009) ] is extended for the case with quantum mechanical modulation of donor-acceptor coupling, which results in inelastic effect. Second order time local quantum master equation combined with polaron transformation is derived. Three models of modulation are examined: distance, axial angle and dihedral angle, which are approximated as quantum harmonic oscillator. Numerical test is conducted for a model mimicking dithia-anthracenophane. The results show that the torsional mode may contribute significantly to both the relaxation and dephasing dynamics of the energy transfer process.
Minzhong Xu, New York University
Accurate quantum calculations of inelastic neutron scattering spectra of hydrogen molecule inside nanocavity: H 2 /HD inside clathrate hydrate
We present a quantum methodology for the calculations of the inelastic neutron scattering (INS) spectra of an H 2 orHD molecule confined in a nanoscale cavity. Our approach incorporates the coupled five-dimensional translation-rotation (TR) energy levels and wave functions of the guest molecule. The computed INS spectra are highly realistic and reflect in full the complexity of the coupled TR dynamics on the anisotropic potential energy surfaces of the confining environment. Using this methodology, we simulate the INS spectra of p − H 2 , o − H 2 and HD inside small cage of sII-structure of clathrate hydrate and compared them with the experimental data. It shows the remarkable agreement between the experimental data and our theory.
